SUMMARY Doppler echocardiography was used to measure stroke volume, peak flow velocity, and acceleration of flow in the ascending aorta in 10 healthy young volunteers during unlimited supine bicycle exercise and upright treadmill exercise. High quality studies were obtained in all subjects through the suprasternal notch acoustic window; there was no appreciable degradation in Doppler signal caused by interference by increased respiration or chest wall motion. Stroke volume index increased from 54 ml/m2 at rest to 63-5 ml/m2 at peak supine exercise and from 38 ml/m2 standing at rest to 63 3 ml/m2 during peak upright exercise. Mean peak flow velocity rose from 0 91 m/s at supine rest to 1 36 m/s during maximum supine exercise. In the upright position mean peak flow velocity increased from 0 75 m/s at rest to 1 39 m/s during maximum exercise. Mean peak velocities were lower in the upright position at rest but were not significantly different at peak exercise. Mean acceleration of flow in the ascending aorta increased from 12-02 m/s2 during supine rest to 21 6 M/s2 during supine exercise and from 10 8 m/s2 at rest on the treadmill to 21-9 m/s2 during peak upright exercise.
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This study shows that echocardiographic measurement of ascending aortic blood flow by the Doppler technique is feasible even during vigorous exercise; that stroke volume and peak flow velocity at rest are lower in the upright position than in the supine position but equalise at peak exercise; and that acceleration of flow in the ascending aorta is the same in both the supine and upright positions and increases equally at peak exercise in both positions.
The relative contributions of increments in stroke volume and heart rate to the increase in cardiac output which accompanies exercise have been extensively studied with variable Acceleration of flow in the ascending aorta was determined from hardcopy data and the formula: acceleration = V peak/TP. Time to peak velocity (TP) was calculated from the time of onset of flow to the time at which velocity of flow was maximal (V peak) (Fig. 1) .
Each of the study variables was analysed with a two way analysis of variance (four conditions by 10 Daley, Sagar, Wann subjects) and the least significant difference test was then used to assess specific comparisons. 16 The four conditions were: (a) supine rest, (b) supine exercise, (c) upright rest, and (d) upright exercise. The F test for analysis of variance was significant for 10 (for (a) = (b) = (c) = (d)). The least significant difference test was used to test (a) = (b), (a) = (c), (b) = (d), and (c) = (d). Data were summarised as mean and standard deviation. A probability level of <0 05 was taken to indicate statistical significance.
Results
Good quality Doppler echocardiograms were obtained at rest and through all levels of exercise without difficulty. The mean stroke volume index was 42% higher in the supine position at rest than in the standing position at rest (p < 0-01). At peak exercise the mean stroke volume index was not significantly different in the supine and upright positions (Fig. 2) . Whereas the mean stroke volume index increased by 19% from rest to peak exercise in the supine position, the increase (66%) from rest to peak exercise in the upright position was far greater. Mean cardiac index was not significantly different at rest or peak exercise in the supine and upright positions. Although the mean resting heart rate was lower in the supine position than in the upright position, the difference was not statistically significant. At peak exercise the heart rate was lower in the supine position than in the upright position (p < 0 05) (Fig. 3) .
The mean maximum heart rate at peak supine bi- (Fig. 3) . Mean peak blood flow velocity in the ascending aorta was 0 91 m/s at supine rest with the feet elevated and increased to 1-36 m/s during peak supine exercise (Fig. 4) Fig. 4 Changes in mean (SD) peakflow velocity and mean (SD) acceleration offlow in the ascending aorta during exercise. Peakflow velocity during supine rest was 0 9 (0 1) mis rising to 1-4 (0 2) mis with exercise. Upright resting peak velocity was 0-8 (0 1) mis rising to 1 4 (0 3) mis with exercise.
significantly different in the supine and upright positions (Fig. 4) .
Discussion
The effects of exercise on cardiovascular function have intrigued investigators for decades. The response of the heart to increased demand is of fundamental physiological importance and plays a major role in the clinical detection and quantification of We have shown that Doppler echocardiography in which the suprasternal notch is used as an acoustic window can be performed in normal subjects during rigorous exercise. Respiratory interference during exercise was not a major problem because the ultrasound beam traversed the mediastinum to reach the ascending aorta and did not come into contact with the lung. In addition, lower frequency ultrasound has a better penetrating capacity and can be successfully used in Doppler echocardiography. The high signal to noise ratio of the dedicated continuous wave Doppler system we used was particularly useful in obtaining diagnostic quality data at peak exercise. While the success rate will probably be less when large numbers of patients rather than healthy subjects are studied with this technique, the ease with which we were able to record Doppler signals during exercise is encouraging.
We found an increase in stroke volume and peak velocity of flow in the ascending aorta with exercise. At rest, stroke volume and peak velocity are greater in the supine than the upright position. Heart rate is slightly higher in the upright position to maintain cardiac output. During exercise in the supine position, stroke volume and peak velocity increase but not nearly to the degree that they increase in the upright position. During peak exercise, stroke volume and peak velocity are not significantly different in the supine and upright positions. Acceleration of flow in the ascending aorta increased with exercise but was not significantly different in the supine and upright positions, suggesting that this variable is independent of preload (Frank-Starling phenomenon). The mechanism responsible for postural differences in the haemodynamic response to exercise is uncertain. ' Thus increases in stroke volume with exercise are brought about by various interacting mechanisms. Our data show that these mechanisms result in similar stroke volumes at peak exercise in the supine and upright positions whereas at rest stroke volume is lower in the upright position.
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In the We have demonstrated that stroke volume, peak velocity, and acceleration of ascending aortic blood flow can be measured by Doppler echocardiography during vigorous supine bicycle exercise and upright treadmill exercise. Different responses to supine and upright exercise were shown by the technique, which appears to have considerable potential for evaluation of patients with known or suspected heart disease.
